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Abstract
Introduction: This work aimed at comparing the production of inflammatory and pro- and anti-angiogenic factors
by normal/reactive (N/R) or inflammatory (I) areas of the osteoarthritic synovial membrane. The effects of
interleukin (IL)-1b and chondroitin sulfate (CS) on the expression of pro- and anti-angiogenic factors by synovial
fibroblasts cells (SFC) were also studied.
Methods: Biopsies from N/R or from I areas of osteoarthritic synovial membrane were collected at the time of
surgery. The inflammatory status of the synovial membrane was characterized by the surgeon according to
macroscopic criteria, including the synovial vascularization, the villi formation and the hypertrophic aspect of the
tissue. We assessed the expression of CD45, von Willebrand factor and vascular endothelial growth factor (VEGF)
antigen by immunohistochemistry in both N/R and I biopsies. The production of IL-6, -8, VEGF and
thrombospondin (TSP)-1 by N/R or I synovial cells was quantified by ELISA. SFC were cultured in the absence or in
the presence of IL-1b (1 ng/ml) and with or without CS (10, 50, 200 μg/ml). Gene expression of pro-angiogenic
factors (VEGF, basic fibroblast growth factor (bFGF), nerve growth factor (NGF), matrix metalloproteinase (MMP)-2
and angiopoietin (ang)-1) and anti-angiogenic factors (vascular endothelial growth inhibitor (VEGI), TSP-1 and -2)
were determined by real time RT-PCR. Production of VEGI and TSP-1 was also estimated by ELISA.
Results: Immunohistochemistry showed the increase of lymphocyte infiltration, vascular density and VEGF
expression in I compared to N/R synovial biopsies. Synovial cells from I areas produced more IL-6, IL-8 and VEGF
but less TSP-1 than cells isolated from N/R synovial biopsies. The expression of pro-angiogenic factors by SFC was
stimulated by IL-1b. A time dependent regulation of the expression of anti-angiogenic factor genes was observed.
IL-1b stimulated the expression of anti-angiogenic factor genes but inhibited it after 24 h. CS reversed the
inhibitory effect of IL-1b on anti-angiogenic factors, VEGI and TSP-1.
Conclusions: We demonstrated that synovial biopsies from I areas expressed a pro-angiogenic phenotype. IL-1b
induced an imbalance between pro- and anti-angiogenic factors in SFC and CS tended to normalize this IL-1b-
induced imbalance, providing a new possible mechanism of action of this drug.
Introduction
Osteoarthritis (OA) is an important cause of pain and
disability in the ageing population. The main features of
OA include articular cartilage degradation, subchondral
bone abnormal remodeling and synovial membrane
inflammation leading to joint swelling, synovitis and
pain [1]. Angiogenesis and inflammation of synovial
membrane are closely integrated processes in OA patho-
genesis [2,3] but it remains largely unclear how inflam-
mation and angiogenesis are cross-regulated.
We hypothesized that the angiogenesis of the synovial
membrane results of an imbalance between pro-angio-
genic and anti-angiogenic factors and that interleukin (IL)-
1b, one of the most potent cytokine in OA
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physiopathology, may induce this imbalance. More pre-
cisely, we have investigated the expression of pro-angio-
genic (Vascular Endothelial Growth Factor (VEGF), basic
Fibroblast Growth Factor (bFGF), Nerve Growth Factor
(NGF), Angiopoietin (Ang)-1 and Matrix Metalloprotei-
nase (MMP)-2) and anti-angiogenic factors (Vascular
Endothelial Growth Inhibitor (VEGI), Thrombospondine
(TSP)-1 and -2) by synovial fibroblast cells (SFC) treated
by IL-1b. VEGF and bFGF are potent and extensively stu-
died pro-angiogenic factors [4]. They induce proliferation,
sprouting and tube formation of endothelial cells. NGF,
acting in concert with VEGF, also plays a role as a pro-
angiogenic factor [5]. Ang-1 is a critical mediator of the
late stages of vessel development. It maintains and stabi-
lizes mature vessels by binding to an endothelium-specific
receptor, Tie2 [6]. By promoting the breakdown of the
endothelial basement membrane, MMP-2 allows the
migration of endothelial cells and the formation of primi-
tive vessels into avascular regions of tissue [7]. TSP-1 and
-2 are among the first anti-angiogenic factors identified.
They act by blocking endothelial cell proliferation, migra-
tion and apoptosis, by reducing the availability of angio-
genic factors and by regulating the extracellular proteases
[8]. VEGI, also known as tumor necrosis factor superfam-
ily member 15 (TNFSF15) or TNF ligand related molecule
1 (TL1), is a cytokine with potent anti-angiogenic proper-
ties principally studied in cancer as an inhibitor of
endothelial cell proliferation and tumor growth [9].
VEGF [10], bFGF [11], NGF [12], Ang-1 [13] and MMP-
2 [14] are overexpressed in the synovial membrane of RA
patients compared with either normal or OA patients.
Anti-angiogenic factors, TSP-1 [15], TSP-2 [16] and VEGI
[17], are also up-regulated in RA synovial membrane.
Chondroitin sulfate (CS) is a major component of the
extracellular matrix of cartilage implicated in its elasti-
city and its resistance to loading. CS is one of the most
used molecules in the management of OA and numer-
ous clinical trials and meta-analyses have shown its clin-
ical benefits to decrease pain, improve functional
disability and reduce non-steroidal anti-inflammatory
drugs (NSAIDs) or acetaminophen consumption [18-22]
Although several mechanisms of action have been
described for this drug [23,24], the exact mechanism(s)
of action of this molecule still remains an exciting field
of investigation [25]. Taking into account the reduction
in swelling and joint effusion produced by CS on synovi-
tis of knee OA patients described in the GAIT study
[26], the evaluation of the possible effect of CS in the
angiogenic processes observed in OA synovial mem-
brane should lead at least to a better knowledge of its
mechanisms of action and may represent a major
advance in the demonstration of its efficacy.
To provide insight into the network between inflam-
mation and angiogenesis, we have compared
inflammatory (immunohistochemical staining for lym-
phocytes) and angiogenic (immunohistochemical stain-
ing for VEGF and for von Willebrand factor) status of
OA synovial membrane biopsies from normal or reac-
tive (N/R) or inflammatory (I) areas of OA knee. We
have investigated the relationship between inflammatory
markers (IL-6 and IL-8) and angiogenic markers (VEGF
and TSP-1) in synovial cells isolated from these distinct
areas of synovial membrane. We have further studied
the effects of IL-1b on the expression of pro- and anti-
angiogenic factors by SFC. The modulation of these fac-
tors by CS was also investigated.
Understanding the regulatory molecular mechanisms
of angiogenesis in OA synovial membrane should lead
to novel OA therapies which would selectively inhibit
the undesirable angiogenesis. The demonstration of
anti-angiogenic action of CS could provide a novel ther-
apeutic approach for OA targeting.
Materials and methods
Patients
Synovial tissue samples were obtained from 16 patients
(10 women, 6 men; mean age 67 years, range 54 to 89
years) with OA of the knee at the time of total knee
joint replacement surgery. All the subjects provided
their informed consent and the ethic approval (Ethic
committee agreement of Catholic University of Louvain,
n°: B403201111664) was granted for this study. For each
patient, biopsies were selected according to the macro-
scopic aspect of the synovial membrane [27,28]:
1. Normal synovial membrane (grade 0):
✓ Few translucent, slender villi with a fine vascular
network can be clearly seen
✓ Proliferation of opaque villi
2. Reactive synovial membrane (grade 0.5):
✓ Villi have normal morphology or somewhat
thicker and squat appearance
✓ Vascular network not seen due to loss
translucence
3. Inflammatory synovial membrane (grade 1):
✓ Hypervascularization of synovial membrane and/
or proliferation of hypertrophic and hyperemic villi
are apparent
Histology and immunohistochemistry of synovial
membrane
Synovial biopsies were fixed, dehydrated in xylene and
embedded in paraffin under standard procedures. Five
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μm sections were cut and deparaffinized and stained
with haematoxylin and eosin (HE) according to standard
protocol. Lymphocytes were identified by immunohisto-
chemitry using anti-CD45 antibody (dilution 1/100; M
0701, Dako, Heverlee, Belgium). Blood vessels were
visualized using anti-von Willebrand factor antibody
(dilution 1/200; A 0082, Dako, Heverlee, Belgium). Sec-
tions were also stained with anti-VEGF (dilution 1/50;
sc-152, Santa Cruz Biotechnology, Heidelberg, Germany)
antibody. Secondary antibodies, horseradish peroxidase
enzyme conjugated and 3,3’-diaminobenzidine (DAB)
substrate, were used to develop immunostaining accord-
ing to manufacturer’s instructions. Slides were counter-
stained with HE.
Isolation and culture of synovial cells
N/R and I synovium biopsies were separately digested
with collagenase from Clostridium histolyticum, Type
IA (1 mg/ml) (Sigma-Aldrich, Bornem, Belgium) in
complete medium (CM) (DMEM (Dulbecco’s Modified
Eagle’s Medium) supplemented with 10 mM HEPES,
100 U/ml penicillin, 100 μg/ml streptomycin, 2 mM
glutamine and 10% fetal calf serum (Lonza, Verviers,
Belgium)) for four hours at 37°C. The cell suspensions
were passed through a 70-μm filter to remove any
undigested tissue. The filtered cell suspensions were
then collected by centrifugation at 800 g. Synovial cells
(SC) from either N/R or I biopsies (N/R SC or I SC)
were cultured in a 12-well plate at 2 × 105 cells per
well in 1 ml of CM, at 37°C in a 5% CO2 humidified
atmosphere. After two days, medium was changed to
eliminate non adherent cells and cultivated in fresh
medium for five days. Synovial fibroblast cells (SFC)
were obtained and used after four passages of SC in
culture flasks.
Treatment of synovial fibroblast cells
IL-1b and CS were tested on SFC. Cells were seeded
into a six-well plate at a density of 1 × 105 cells/well in
2 ml of CM. When the cells reached confluence, the
CM was replaced with 1% serum media for 24 h to ren-
der the cells quiescent. Cells were incubated in the same
medium with or without CS (10, 50, 200 μg/ml). CS (CS
Bio-Active®, Bioibérica, Barcelona, Spain) used in this
study was from bovine origin with a disaccharide sulfa-
tion profile of 63% of 4-sulfated, 31% of 6-sulfated and
6% of O-sulfated. When IL-1b (1 ng/ml) (Roche Diag-
nostics, Vilvoorde, Belgium) was used, cells were pre-
incubated with CS for 1 h before the addition of IL-1b.
DNA assay
Cells were homogenized in 0.5 ml of phosphate buffered
saline (PBS) (Lonza, Verviers, Belgium) by ultrasonic
dissociation for 15 s at 4°C. DNA content was measured
in the cell extracts using a fluorimetric method of
Labarca and Paigen [29].
Immunoassays for IL-6, IL-8, VEGF, TSP-1 and VEGI
IL-6, IL-8, VEGF, TSP-1 and VEGI were determined in
the culture supernatant by ELISA (Biosource Europe,
Merelbeke, Belgium for IL-6 and IL-8; RD System,
Abingdon, UK for VEGF and TSP-1; PeproTech, Lon-
don, UK for VEGI) using specific monoclonal and poly-
clonal antibodies according to the manufacturers’
protocols. The production of the different molecules
was expressed per μg of DNA. The results were pre-
sented as the percent of production from N/R areas.
RNA extraction and Real Time Reverse Transcriptase-
Polymerase Chain Reaction (RT PCR)
Total RNA were extracted using the RNeasy Mini Kit
(Qiagen, Venlo, Netherlands) and were reverse tran-
scribed with SuperScript III Reverse Transcriptase (Invi-
trogen, Merelbeke, Belgium) according to the
manufacturer’s instructions. The cDNAs were quantified
by real-time quantitative PCR using the LightCycler 480
instrument (Roche Diagnostics, Vilvoorde, Belgium) and
the SYBR Premix Ex Taq kit (Takara, Verviers, Bel-
gium). The level of gene expression was determined by
interpolation with a standard curve. To standardize
mRNA levels, GAPDH, a house keeping gene, was
amplified as an internal control. Gene expression was
normalized by calculating the ratio between the number
of cDNA copies of the desired gene and that of
GAPDH. The oligonucleotide primers sequences were
as follows: GAPDH forward, 5’-TTGGTATCGTG-
GAAGGACTCA-3’; GAPDH reverse, 5’-TGTCATCA-
TATTTGGCAGGTTT-3’; VEGF forward, 5’-
TGCCTTGC TGCTCTAC-3’; VEGF reverse, 5’-CACA-
CAGGATGGCTTGAA-3’; bFGF forward, 5’-TCAAAG-
GAGTGTGTGCTAACC-3’; bFGF reverse, 5’-
TTTCAGTGCCACATACCAAC-3’; NGF forward, 5’-
CATCATCCCATCCCATCT -3’; NGF reverse, 5’-
GTACTGTTTG AATACACTGTTGTTAAT-3’; MMP-2
forward, 5’-CCGTCGCCCATCATCAA-3’; MMP-2
reverse, 5’-CAGTCCAAAGAACTTCTGCAT-3’; Ang-1
forward, 5’-ATTGAGTTAAT GGACTGGGAAG-3’;
Ang-1 reverse, 5’-ATTGAGTTAATGGACTGGGAAG-
3’; TSP-1 forward, 5’-CAGACCGCATTGGAGATAC-3’;
TSP-1 reverse, 5’-CCATCGTTGTCATCA TCGTG-3’;
TSP-2 forward, 5’-AATGACGGTGTGACCGA-3’; TSP-
2 reverse, 5’- ACCCTCTCCATTGTTGTCT-3’; VEGI
forward, 5’-CCCTTCCTTGCAGGACT-3’; VEGI
reverse, 5’- CCCTTGGCTTATCTCCGT-3’. The results
are represented as the percentage of gene expression in
the basal condition or as the percentage of expression
obtained in the absence of CS (control) depending on
experimental procedures.
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Statistical analysis
Non-parametric Mann-Whitney U test was used to ana-
lyze statistical differences. Differences were considered
statistically significant with P-value < 0.05. Correlation
was performed by Spearman non-parametric analysis.
Results
Histological evaluation of inflammation and angiogenesis
of N/R and I synovial biopsies
A marked increase in cellularity was observed in the
intima lining of I biopsies (Figure 1) compared with N/
R biopsies. The intima lining layer of I synovial biopsies
was hyperplasic with multiple layers of cells while N/R
synovial lining was formed by one or two cell layers.
Invasive lymphoid nodes in the sublining region were
present in I biopsies, but not in N/R biopsies. I biopsies
were also characterized by villi formation. This histolo-
gical analysis validated the sampling method of biopsies
and the discrimination of N/R and I area of the synovial
membrane. We have further compared CD45, von Will-
ebrand and VEGF expression in N/R and I biopsies by
immunohistochemistry. Lymphocytes were visualized
using antibody against CD45, a transmembrane glyco-
protein expressed by leukocytes (Figure 2). In I synovial
biopsies, there was an increase in the CD45-positive
cells with a predominant localization in the intima lin-
ing. To investigate the blood vessel formation in syno-
vial membrane, we performed immunohistochemical
staining using antibody against von Willebrand factor
(Figure 3). Blood vessels were distributed throughout
the depth of the synovial membrane without preferential
distribution in the lining cells. Vascular density and ves-
sel size were higher in I than in N/R biopsies. A staining
for VEGF was observed in perivascular and sublining
cells in both N/R and in I biopsies (Figure 4). An acute
positive staining was observed in the intima lining layer
of I but not N/R biopsies.
Inflammatory and angiogenic factors expression by SC
from N/R and I areas
The production of inflammatory and angiogenic factors
by SC isolated from either N/R or I areas of the synovial
membrane was compared. N/R SC produced 8,497 ±
3,598 pg/μg DNA of IL-6, and 17,726 ± 6,682 pg/μg
DNA of IL-8.
IL-6 and IL-8 (Figure 5A, B) production by I SC was
significantly higher than those of N/R SC (for IL-6: 411
± 110% of N/R SC production, P < 0.001; for IL-8: 716
± 310% of N/R SC production, P < 0.001). I SC pro-
duced more VEGF (134 ± 16% of N/R SC production, P
< 0.001, Figure 5C) and less TSP-1 (66 ± 14% of N/R
SC production, P < 0.001, Figure 5D) than N/R SC.
In addition, we assessed the correlation between
inflammatory cytokines (IL-6, IL-8) and angiogenic fac-
tors (VEGF, TSP-1). VEGF production showed a strong
positive correlation with IL-6 and IL-8 (r = 0.67, P <
0.0001 and r = 0.65, P < 0.0001, respectively). A signifi-
cant negative correlation was obtained between TSP-1
and IL-8 (r = -0.4, P = 0.002). The correlation between
TSP-1 and IL-6 was at the limit of the statistical signifi-
cance (r = -0.25, P = 0.06).
Effect of IL-1b on mRNA expression of pro-/anti-
angiogenic factors by SFC
SFC were incubated in the absence (basal condition) or
in the presence of IL-1b (1 ng/ml) during 5 or 24 h.
The gene expression of five pro-angiogenic factors
(VEGF, bFGF, NGF, Ang1 and MMP-2) (Figure 6A) and
Figure 1 Histological analysis of NR (A) and I (B) biopsies of synovial membrane. At the time of surgery, synovial biopsies coming from NR
or I area of synovial membrane were macroscopically selected as described in Materials and methods. Biopsies were fixed, embedded in paraffin
and sectioned before staining with HE. ® intima linning, ⇒ lymphoid node.
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three anti-angiogenic factors (VEGI, TSP-1 and TSP-2)
(Figure 6B) was analyzed by real time RT PCR.
After 5 h of incubation, the expression of VEGF, bFGF
and NGF genes was increased by IL-1b (VEGF: 250 ± 58
of basal expression, P < 0.001; bFGF: 1,032 ± 99% of
basal expression, P < 0.001; NGF: 672 ± 161% of basal
expression, P < 0.001). After 24 h, the stimulating effect
of IL-1b on VEGF and bFGF genes was less marked
(respectively 173 ± 30% of basal expression, P < 0.001
and 175 ± 34% of basal expression, P < 0.001). No sig-
nificant effect of IL-1b was obtained for NGF gene
expression after 24 h of treatment. Ang-1 gene expres-
sion was not modified by IL-1b after 5 h of treatment
while a weak but significant increase was observed after
24 h (159 ± 37% of basal expression, P < 0.001). IL-1b
did not influence the MMP-2 gene expression.
Figure 6B showed the effect of IL-1b on mRNA
expression of anti-angiogenic factors. For TSP-1 and
VEGI, a biphasic time-dependent effect of IL-1b was
observed: a stimulation after 5 h of treatment (TSP-1:
140 ± 28% of basal expression, P < 0.01; VEGI: 262 ±
47% of basal expression, P < 0.001) and an inhibition
after 24 h of treatment (TSP-1: 29 ± 8% of basal expres-
sion, P < 0.001; VEGI: 41 ± 10% of basal expression, P <
0.001). A time-dependent biphasic effect of IL-1b was
also recorded on the production of TSP-1 and VEGI
proteins. After 5 h of treatment, IL-1b stimulated TSP-1
(130.2 ± 6.65% of basal expression, P < 0.01) and VEGI
(140.2 ± 10.1% of basal expression, P < 0.001) while it
inhibited TSP-1 and VEGI production after 24 h (TSP-
1: 71.3 ± 5.2% of basal expression, P < 0.01; VEGI: 77.5
± 4.23% of basal expression, P < 0.001). After 5 h of
treatment, IL-1b did not modify TSP-2 gene expression
while an inhibition was observed after 24 h (62 ± 8% of
basal expression, P < 0.001, Figure 6B).
CS modulation of pro-/anti-angiogenic factor expression
in SFC
Using real time RT-PCR technology, we investigated the
effects of CS on pro- and anti-angiogenic factors. SFC
were incubated for 5 and 24 h with increasing concen-
trations of CS (10, 50, 200 μg/ml) and with or without
IL-1b (1 ng/ml). In all tested conditions, CS did not
modify the basal expression of pro- (VEGF, bFGF, NGF,
Ang-1 and MMP-2) and anti-angiogenic (VEGI, TSP-1
and 2) genes (data not shown). The stimulating effect of
IL-1b on the expression of pro-angiogenic genes was
unaffected by CS (data not shown).
After 5 h of treatment, CS did not induce significant
changes in the IL-1b-dependent up-regulation of gene
expression of anti-angiogenic factors (data not shown).
Figure 7 showed the effect of CS on the inhibitory effect
Figure 2 Immunohistochemical detection of lymphocytes in N/R (A and C) and in I (B and D) synovial biopsies. At the time of surgery,
synovial biopsies coming from N/R or I areas were macroscopically selected as described in Materials and methods. Immunohistochemical
staining of lymphocytes was performed using anti CD45 antibody. Positive staining was detected as brown peroxidase reaction product. (A) and
(B) Global image of the section ® intima linning, ⇒ lymphoid node (C) and (D) magnification (×100) of intima lining.
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of IL-1b on the expression of VEGI, TSP-1 and TSP-2
genes observed after 24 h of treatment. After 24 h,
VEGI mRNA levels were enhanced in the presence of
200 μg/ml of CS (177 ± 26% of control, P < 0.001).
TSP-1 gene expression was significantly increased by 50
μg/ml of CS (191 ± 41.2% of control, P < 0.001) and by
200 μg/ml of CS (259.5 ± 61% of control, P < 0.001) of
CS. No significant variation of TSP-2 was obtained. At
the concentration of 50 and 200 μg/ml, CS partially
reversed the inhibitory effect of IL-1b on VEGI protein
production (Figure 8). Indeed, a significant increase of
VEGI production was observed with 50 μg/ml of CS
(115 ± 5% of control, P < 0.001). This increase was sig-
nificantly marked at 200 μg/ml of CS (156 ± 17% of
control, P < 0.001). Similarly, CS reversed the inhibitory
effect of IL-1b on TSP-1 production. CS increased TSP-
1 production in a dose dependent manner (r = 0.82, P <
0.001).
Discussion
Synovial inflammation is directly implicated in the
initiation and progression of OA [1]. Uncontrolled
angiogenesis is a critical event of synovial inflammation
and these two interdependent processes, that is, angio-
genesis and inflammation, are now considered as impor-
tant contributors of OA [2,30].
The mechanism leading to the crosstalk between
angiogenesis and inflammation is still insufficiently
clear. To contribute to the better understanding of this
crosstalk in OA synovial membrane, we have developed
an original methodology comparing inflammation and
angiogenesis in synovial membrane with different grades
of synovitis. We used the Ayral’s synovitis scores [27] to
select, in the same OA synovial membrane, biopsies
coming from N/R or I synovial areas. This method of
biopsy sampling was validated by the histological and
immunohistochemical analyses. Our results supported
Figure 3 Immunohistochemical detection of blood vessels in NR (A and C) and in I (B and D) synovial biopsies. At the time of surgery,
synovial biopsies coming from NR or I areas were macroscopically selected by as described in Materials and methods. Immunohistochemical
staining of blood vessels (®) was performed using anti-von Willebrand factor antibody. Positive staining was detected as brown peroxidase
reaction product. (A) and (B) global image of the section, (C) and (D) magnification (×100) of vessel lumens.
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those of Haywood et al. [2], who showed that the
endothelial cells density and VEGF immunoreactivity of
OA synovial membrane increased with inflammation
grade and macrophage infiltration. This study contribu-
ted to showing the concerted evolution of inflammation
and angiogenesis in OA synovial membrane.
We have shown a difference of production of pro-
inflammatory cytokines (IL-6 and IL-8), pro-angiogenic
factor (VEGF) and anti-angiogenic factor (TSP-1)
between N/R and I primary SC. These results suggested
a shift in the balance of angiogenic factors in favor of
the development of neovascularization. IL-6 and IL-8
are the most abundant cytokines found in the synovial
fluid of patients with OA and they are considered to
play a central role in synovial inflammation [28]. In OA
patients, IL-6 production in synovial fluid is correlated
with plasma C-reactive protein and with synovial inflam-
matory cells infiltration [31]. VEGF is considered as a
dominant pro-angiogenic factor which acts early in
angiogenesis inducing an increase in blood vessel per-
meability and proliferation and migration of endothelial
cells. VEGF has been associated with synovial angiogen-
esis [2]. The inhibitory effect of TSP-1 on angiogenesis
is largely described [8]. As an inhibitor of angiogenesis,
TSP-1 overexpression decreases inflammation and blood
vessel density in synovial membrane. It also reduces car-
tilage lesions in rats where OA is induced by anterior
cruciate ligament transection [32]. In addition, VEGF
production showed a strong positive correlation with IL-
6 and IL-8, while significant negative correlation was
obtained between TSP-1 and IL-8. These results high-
light the role played by VEGF and TSP-1 in the link
between inflammation and angiogenesis of the synovial
membrane.
Synovial inflammation is an important source of pro-
inflammatory mediators. IL-1b produced by synovial
cells induces a degradative cascade leading to joint
damage. In this work, we have studied the modulation
of gene expression of pro-angiogenic (VEGF, bFGF,
NGF, Ang-1, MMP-2) and anti-angiogenic (VEGI, TSP-
1 and 2) factors by IL-1b in SFC. IL-1b increased the
level of mRNA on pro-angiogenic factors. VEGF, bFGF
Figure 4 Immunohistochemical detection of VEGF in NR (A, and C) and in I (B and D) synovial biopsies. At the time of surgery, synovial
biopsies coming from NR or I areas were macroscopically selected as described in Materials and methods. NR and I synovial biopsies were
stained with anti-VEGF antibody. Positive staining was detected as brown peroxidase reaction product. (A) and (B) global image of the section,
(C) and (D) magnification (×10) of intima lining and vessel lumen.
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Figure 5 IL-6 (A), IL-8 (B), VEGF (C) and TSP-1 (D) production by primary N/R and I SC. SC were isolated from N/R and I synovial biopsies
as described in Materials and methods. Cells were cultivated for five days and the production of proteins was measured in conditioned culture
supernatants by ELISA. Productions were normalized to DNA content. Results are expressed as the percent of the production of N/R SC. Results
are expressed as mean ± SEM of 10 independent experiments performed with synovial cells isolated from 10 different donors. Comparison of
mean values was performed by Mann-Whitney non-parametric analysis. *** P < 0.001: production of I SC cells was significantly different than
production of N/R SC.
Figure 6 Effect of IL-1b on pro (A) and anti-angiogenic (B) factor gene expression. FSC were cultured for 5 or 24 h in the absence or in
the presence of IL-1b (1 ng/ml). Total RNA was isolated in cellular extract and pro-angiogenic (VEGF, bFGF, NGF, Ang-1 and MMP-2) (A) and
anti-angiogenic (TSP-1, TSP-2 and VEGI) (B) mRNA expression was analysed by real time RT PCR. Results are expressed as a percentage of the
basal condition (cells incubated without IL-1b). Each condition was tested in duplicate. Results are expressed as mean ± SEM of three
independent experiments.
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and NGF were rapidly enhanced after 5 h of treatment,
while Ang-1 increased after 24 h suggesting a delayed
involvement of Ang-1 in angiogenesis. Our findings are
in complete agreement with previous studies demon-
strating the up-regulation of VEGF and NGF gene
expression in SFC by IL-1b [33,34]. Using Northern blot
analysis, Gravalesse et al. [35] reported that TNF-a but
not IL-1b stimulated mRNA of Ang-1 in RA SFC. This
discrepancy can be explained by the differences in the
origin of the cells and by the method used to study
gene expression. More surprising was the time-depen-
dent regulation of anti-angiogenic VEGI and TSP-1
gene expression. A stimulating effect of IL-1b was
observed after 5 h but an inhibitory effect after 24 h.
This complex regulation suggests a cascade of indirect
and time dependent events which negatively regulate
VEGI and TSP-1 production. A transitory IL-1b-depen-
dent molecule expression could be responsible for the
Figure 7 Effect of CS on IL-1b-dependent anti-angiogenic gene expression. SFC were pre-incubated with CS (10, 50, 200 μg/ml) for 1 h. IL-
1b (1 ng/ml) was added to culture medium for 5 or 24 h incubation. Total RNA was isolated in SFC and VEGI (A), TSP-1 (B) and TSP-2 (C) mRNA
expression was analyzed by real time RT PCR. Results are expressed as a percentage of the control (cells incubated without CS). Each condition
was tested in duplicate. Results are expressed as mean ± SD of five independent experiments. Comparison of mean values was performed by
Mann-Whitney non-parametric analysis. ***P < 0.001: CS treated group was significantly different from control.
Figure 8 Effect of CS on IL-1b-dependent VEGI and TSP-1 production. SFC were pre-incubated with CS (10, 50, 200 μg/ml) for 1 h. IL-1b (1
ng/ml) was added to culture medium for 24 h. TSP-1 and VEGI were measured in conditioned culture supernatants by ELISA. Results are
normalized to DNA content. Results are expressed as a percentage of the control (cells incubated without CS). Each condition was tested in
triplicate. Results are expressed as mean ± SD of three independent experiments. Comparison of mean values was performed by Mann-Whitney
non-parametric analysis. ***P < 0.001: CS treated group was significantly different from control.
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early stimulation of VEGI and TSP-1. The disappearance
of this molecule with time could explain the loss of the
stimulating effect observed after 5 h. In addition, the
inhibitory effect could be linked to the presence of a
late IL-1b-dependent molecule expression. Little infor-
mation is accessible on the regulation of VEGI, TSP-1
and -2 by IL-1b. The down-regulation of TSP-1 was
reported in human endothelial cells and rabbit chondro-
cytes [36,37] but never in SFC. Interestingly, a time
dependent phorbol-myristate-acetate (PMA) regulation
of VEGI expression (stimulation for 6 h, inhibition for
24 h) was described in endothelial cells [38]. This obser-
vation supports our result showing a biphasic effect of
IL-1b on VEGI gene expression.
Our data suggest that after 24 h of treatment, IL-1b
induced an imbalance between pro- and anti-angiogenic
factors production in SFC in favor of pro-angiogenic
status and by this way could promote synovial mem-
brane angiogenesis.
Finally, in the present study we examined the effect of
CS on the expression of pro- and anti-angiogenic factors
in OA SFC. Although CS is currently used in the man-
agement in OA, its mechanism of action has not been
yet fully clarified. Anti-inflammatory properties of CS
were largely described but less is known about its effect
on angiogenesis [39]. Macrophage migration on
endothelium is one of the key steps for angiogenesis
[40]. Macrophages promote angiogenesis by the synth-
esis of angiogenic factors including VEGF and by the
remodeling of the extracellular matrix. An in vitro study
has demonstrated that CS acted as an inhibitor of
monocytes THP-1 cell migration suggesting that CS
could prevent angiogenesis [41]. Our results reveal that
CS counteracts the IL-1b-dependent TSP-1 and VEGI
down-regulation at both gene and protein levels. This
finding could suggest an anti-angiogenic effect of CS.
Conclusions
For the first time, we demonstrated the presence of pro-
inflammatory and pro-angiogenic pathways in the I
areas of synovial membrane compared to N/R. IL-1b
induced an imbalance between pro- and anti-angiogenic
factors in SFC and CS tended to normalize this IL-1b-
induced imbalance. Since angiogenesis is a key process
in OA progression, our data suggest that the beneficial
role of CS in OA management could, at least in part,
derive from its anti-angiogenic properties.
Abbreviations
Ang: angiopoietin; bFGF: basic Fibroblast Growth Factor; CM: complete
medium; CS: chondroitin sulfate; DAB: diaminobenzidine; DMEM: Dulbecco’s
Modified Eagle’s Medium; ELISA: enzyme-linked immunoabsorbent assay; HE:
haematoxylin and eosin; I: inflammatory; IL: interleukin; MMP: matrix
metalloproteinase; NGF: nerve growth factor; N/R: normal/reactive; NSAIDs:
non-steroidal anti-inflammatory drugs; OA: osteoarthritis; PBS: phosphate
buffered saline; PMA: phorbol-myristate-acetate; SC: synovial cells; SFC:
synovial fibroblast cells; TL1: TNF ligand related molecule 1; TNFSF15: tumor
necrosis factor superfamily member 15; TSP: thrombospondin; VEGF: vascular
endothelial growth factor; VEGI: vascular endothelial growth inhibitor.
Acknowledgements
This study was supported by a grant from Bioibérica, SA, 08029 Barcelona,
Spain.
Author details
1Bone and Cartilage Research Unit, Institute of pathology, CHU Sart-Tilman,
4000 Liège, Belgium. 2Orthopaedic Department, Cliniques Universitaires St
Luc, 1200 Brussels, Belgium. 3Pharmacological Research Unit, Scientific
Medical Department, Bioibérica, S.A, 08029 Barcelona, Spain. 4Laboratory of
Tumor and Developmental Biology, GIGA-Cancer, Institute of Pathology,
University of Liège, 4000 Liège, Belgium.
Authors’ contributions
CL and MM participated in the study design, acquisition of data,
interpretation of results and manuscript preparation. J-ED helped in
collecting and processing samples. EM and JV provided CS and helped
design the study. CM and AN performed the histological experiments. YH
conceived and coordinated the project. All authors were involved in revising
of the manuscript and approved the final manuscript.
Competing interests
EM is the Head of the Medical Area from Bioibérica, SA. JV is Medical
Director of Bioibérica, SA. YH received a grant from Bioibérica, SA to carry
out this project. The authors declare that they have no competing interests.
Received: 5 July 2011 Revised: 11 October 2011
Accepted: 12 March 2012 Published: 12 March 2012
References
1. Goldring MB, Goldring SR: Osteoarthritis. J Cell Physiol 2007, 213:626-634.
2. Haywood L, McWilliams DF, Pearson CI, Gill SE, Ganesan A, Wilson D,
Walsh DA: Inflammation and angiogenesis in osteoarthritis. Arthritis
Rheum 2003, 48:2173-2177.
3. Walsh DA, Bonnet CS, Turner EL, Wilson D, Situ M, McWilliams DF:
Angiogenesis in the synovium and at the osteochondral junction in
osteoarthritis. Osteoarthritis Cartilage 2007, 15:743-751.
4. Papetti M, Herman IM: Mechanisms of normal and tumor-derived
angiogenesis. Am J Physiol Cell Physiol 2002, 282:C947-970.
5. Nico B, Mangieri D, Benagiano V, Crivellato E, Ribatti D: Nerve growth
factor as an angiogenic factor. Microvasc Res 2008, 75:135-141.
6. Suri C, Jones PF, Patan S, Bartunkova S, Maisonpierre PC, Davis S, Sato TN,
Yancopoulos GD: Requisite role of angiopoietin-1, a ligand for the TIE2
receptor, during embryonic angiogenesis. Cell 1996, 87:1171-1180.
7. Pepper MS: Role of the matrix metalloproteinase and plasminogen
activator-plasmin systems in angiogenesis. Arterioscler Thromb Vasc Biol
2001, 21:1104-1117.
8. Bornstein P: Thrombospondins function as regulators of angiogenesis. J
Cell Commun Signal 2009, 3:189-200.
9. Yu J, Tian S, Metheny-Barlow L, Chew LJ, Hayes AJ, Pan H, Yu GL, Li LY:
Modulation of endothelial cell growth arrest and apoptosis by vascular
endothelial growth inhibitor. Circ Res 2001, 89:1161-1167.
10. Koch AE, Harlow LA, Haines GK, Amento EP, Unemori EN, Wong WL,
Pope RM, Ferrara N: Vascular endothelial growth factor. A cytokine
modulating endothelial function in rheumatoid arthritis. J Immunol 1994,
152:4149-4156.
11. Nakashima M, Eguchi K, Aoyagi T, Yamashita I, Ida H, Sakai M, Shimada H,
Kawabe Y, Nagataki S, Koji T: Expression of basic fibroblast growth factor
in synovial tissues from patients with rheumatoid arthritis: detection by
immunohistological staining and in situ hybridisation. Ann Rheum Dis
1994, 53:45-50.
12. Barthel C, Yeremenko N, Jacobs R, Schmidt RE, Bernateck M, Zeidler H,
Tak PP, Baeten D, Rihl M: Nerve growth factor and receptor expression in
rheumatoid arthritis and spondyloarthritis. Arthritis Res Ther 2009, 11:R82.
13. Shahrara S, Volin MV, Connors MA, Haines GK, Koch AE: Differential
expression of the angiogenic Tie receptor family in arthritic and normal
synovial tissue. Arthritis Res 2002, 4:201-208.
Lambert et al. Arthritis Research & Therapy 2012, 14:R58
http://arthritis-research.com/content/14/2/R58
Page 10 of 11
14. Goldbach-Mansky R, Lee JM, Hoxworth JM, Smith D, Duray P,
Schumacher RH Jr, Yarboro CH, Klippel J, Kleiner D, El-Gabalawy HS: Active
synovial matrix metalloproteinase-2 is associated with radiographic
erosions in patients with early synovitis. Arthritis Res 2000, 2:145-153.
15. Gotis-Graham I, Hogg PJ, McNeil HP: Significant correlation between
thrombospondin 1 and serine proteinase expression in rheumatoid
synovium. Arthritis Rheum 1997, 40:1780-1787.
16. Park YW, Kang YM, Butterfield J, Detmar M, Goronzy JJ, Weyand CM:
Thrombospondin 2 functions as an endogenous regulator of
angiogenesis and inflammation in rheumatoid arthritis. Am J Pathol 2004,
165:2087-2098.
17. Cassatella MA, Pereira-da-Silva G, Tinazzi I, Facchetti F, Scapini P, Calzetti F,
Tamassia N, Wei P, Nardelli B, Roschke V, Vecchi A, Mantovani A,
Bambara LM, Edwards SW, Carletto A: Soluble TNF-like cytokine (TL1A)
production by immune complexes stimulated monocytes in rheumatoid
arthritis. J Immunol 2007, 178:7325-7333, Erratum in J Immunol 2007,
179:1390. da Silva, Gabriela Pereira (corrected to Pereira da-Silva, Gabriela).
18. Leeb BF, Schweitzer H, Montag K, Smolen JS: A metaanalysis of
chondroitin sulfate in the treatment of osteoarthritis. J Rheumatol 2000,
27:205-211.
19. McAlindon TE, LaValley MP, Gulin JP, Felson DT: Glucosamine and
chondroitin for treatment of osteoarthritis: a systematic quality
assessment and meta-analysis. JAMA 2000, 283:1469-1475.
20. Richy F, Bruyere O, Ethgen O, Cucherat M, Henrotin Y, Reginster JY:
Structural and symptomatic efficacy of glucosamine and chondroitin in
knee osteoarthritis: a comprehensive meta-analysis. Arch Intern Med 2003,
163:1514-1522.
21. Hochberg MC: Structure-modifying effects of chondroitin sulfate in knee
osteoarthritis: an updated meta-analysis of randomized placebo-
controlled trials of 2-year duration. Osteoarthritis Cartilage 2010, 18(Suppl
1):S28-31.
22. Hochberg MC, Zhan M, Langenberg P: The rate of decline of joint space
width in patients with osteoarthritis of the knee: a systematic review
and meta-analysis of randomized placebo-controlled trials of
chondroitin sulfate. Curr Med Res Opin 2008, 24:3029-3035.
23. Monfort J, Pelletier JP, Garcia-Giralt N, Martel-Pelletier J: Biochemical basis
of the effect of chondroitin sulphate on osteoarthritis articular tissues.
Ann Rheum Dis 2008, 67:735-740.
24. Martel-Pelletier J, Kwan Tat S, Pelletier JP: Effects of chondroitin sulfate in
the pathophysiology of the osteoarthritic joint: a narrative review.
Osteoarthritis Cartilage 2010, 18(Suppl 1):S7-11.
25. Lauder RM: Chondroitin sulphate: a complex molecule with potential
impacts on a wide range of biological systems. Complement Ther Med
2009, 17:56-62.
26. Clegg DO, Reda DJ, Harris CL, Klein MA, O’Dell JR, Hooper MM, Bradley JD,
Bingham CO, Weisman MH, Jackson CG, Lane NE, Cush JJ, Moreland LW,
Schumacher HR Jr, Oddis CV, Wolfe F, Molitor JA, Yocum DE, Schnitzer TJ,
Furst DE, Sawitzke AD, Shi H, Brandt KD, Moskowitz RW, Williams HJ:
Glucosamine, chondroitin sulfate, and the two in combination for
painful knee osteoarthritis. N Engl J Med 2006, 354:795-808.
27. Ayral X: Diagnostic and quantitative arthroscopy: quantitative
arthroscopy. Baillieres Clin Rheumatol 1996, 10:477-494.
28. Sellam J, Berenbaum F: The role of synovitis in pathophysiology and
clinical symptoms of osteoarthritis. Nat Rev Rheumatol 2010, 6:625-635.
29. Labarca C, Paigen K: A simple, rapid, and sensitive DNA assay procedure.
Anal Biochem 1980, 102:344-352.
30. Bonnet CS, Walsh DA: Osteoarthritis, angiogenesis and inflammation.
Rheumatology (Oxford) 2005, 44:7-16.
31. Pearle AD, Scanzello CR, George S, Mandl LA, DiCarlo EF, Peterson M,
Sculco TP, Crow MK: Elevated high-sensitivity C-reactive protein levels
are associated with local inflammatory findings in patients with
osteoarthritis. Osteoarthritis Cartilage 2007, 15:516-523.
32. Hsieh JL, Shen PC, Shiau AL, Jou IM, Lee CH, Wang CR, Teo ML, Wu CL:
Intraarticular gene transfer of thrombospondin-1 suppresses the disease
progression of experimental osteoarthritis. J Orthop Res 2010,
28:1300-1306.
33. Jackson JR, Minton JA, Ho ML, Wei N, Winkler JD: Expression of vascular
endothelial growth factor in synovial fibroblasts is induced by hypoxia
and interleukin 1beta. J Rheumatol 1997, 24:1253-1259.
34. Manni L, Lundeberg T, Fiorito S, Bonini S, Vigneti E, Aloe L: Nerve growth
factor release by human synovial fibroblasts prior to and following
exposure to tumor necrosis factor-alpha, interleukin-1 beta and
cholecystokinin-8: the possible role of NGF in the inflammatory
response. Clin Exp Rheumatol 2003, 21:617-624.
35. Gravallese EM, Pettit AR, Lee R, Madore R, Manning C, Tsay A, Gaspar J,
Goldring MB, Goldring SR, Oettgen P: Angiopoietin-1 is expressed in the
synovium of patients with rheumatoid arthritis and is induced by
tumour necrosis factor alpha. Ann Rheum Dis 2003, 62:100-107.
36. Lyons-Giordano B, Kefalides NA, Brinker JM, Pratta MA, Arner EC: The
effects of interleukin-1 on the expression of thrombospondin and
fibronectin by rabbit articular chondrocytes. Exp Cell Res 1991,
195:462-467.
37. Morandi V, Cherradi SE, Lambert S, Fauvel-Lafeve F, Legrand YJ, Legrand C:
Proinflammatory cytokines (interleukin-1 beta and tumor necrosis factor-
alpha) down regulate synthesis and secretion of thrombospondin by
human endothelial cells. J Cell Physiol 1994, 160:367-377.
38. Migone TS, Zhang J, Luo X, Zhuang L, Chen C, Hu B, Hong JS, Perry JW,
Chen SF, Zhou JX, Cho YH, Ullrich S, Kanakaraj P, Carrell J, Boyd E, Olsen HS,
Hu G, Pukac L, Liu D, Ni J, Kim S, Gentz R, Feng P, Moore PA, Ruben SM,
Wei P: TL1A is a TNF-like ligand for DR3 and TR6/DcR3 and functions as
a T cell costimulator. Immunity 2002, 16:479-492.
39. Iovu M, Dumais G, du Souich P: Anti-inflammatory activity of chondroitin
sulfate. Osteoarthritis Cartilage 2008, 16(Suppl 3):S14-18.
40. Pollard JW: Macrophages define the invasive microenvironment in breast
cancer. J Leukoc Biol 2008, 84:623-630.
41. Liu Y, Yang H, Otaka K, Takatsuki H, Sakanishi A: Effects of vascular
endothelial growth factor (VEGF) and chondroitin sulfate A on human
monocytic THP-1 cell migration. Colloids Surf B Biointerfaces 2005,
43:216-220.
doi:10.1186/ar3771
Cite this article as: Lambert et al.: Characterization of synovial
angiogenesis in osteoarthritis patients and its modulation by
chondroitin sulfate. Arthritis Research & Therapy 2012 14:R58.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Lambert et al. Arthritis Research & Therapy 2012, 14:R58
http://arthritis-research.com/content/14/2/R58
Page 11 of 11
